).
A number of studies have suggested that, at least partially, alcohol-induced brain damage associated to chronic alcohol consumption is mediated through changes in glutamatergic NMDA receptors. This is supported, by the effects of drugs such as acamprosate, a partial NMDA antagonist used in relapse prevention in alcohol-dependent patients (Hammarberg et al., 2009 ). Only few studies have addressed the analysis of glutamate receptors in relation to alcohol abuse in humans and have provided controversial results (Cummings et al. 1990; Dodd et al. 1992; Freund & Anderson 1996 , 1999 Ridge et al. 2008 ).
Our hypothesis is that permanent neuronal damage produced by chronic alcohol consumption is in part due to progressive changes in NMDA receptors, and that these changes might develop before the beginning of clinical manifestations of chronic alcoholism, including dependence, craving and abstinence. Thus, we assessed here the density of NMDA receptors in frontal cortex and hippocampus -brain areas known to be notably affected by chronic alcohol consumption-in a group of 16 alcohol consumers (AC) (16 male, mean age 58±12 years, post-mortem delay 19±8 hours) in comparison to a control group of 16 non-drinkers (14 male and 2 female, mean age 60±12 years, postmortem delay 17±5 hours) using autoradiographic techniques with the specific NMDA-antagonist [ 3 H]MK801. AC subjects included had not suffered any hepatic, neurologic or psychiatric disorders related to alcoholism. They were classified as moderate consumers (40 to 80 g of absolute alcohol daily for at least 10 years) or heavy consumers (more than 80 g of absolute alcohol daily for at least 10 years, enough to develop chronic alcoholic pathology). We also discriminated between AC cases that were abstinent (alcohol withdrawal minimum one week before death) or non-abstinent (last ethanol ingestion less than 12 hours before death). In consequence, it is unlikely that these subjects would undergo a withdrawal situation that could eventually involve acute changes in NMDA receptors (See Supplementary Material for additional information).
Densities of [
3 H]MK-801 binding were measured by microdensitometry on film autoradiograms in frontal cortex (layers II-VI), and CA1 (oriens and pyramidal layers) and gyrus dentatus (GD, molecular layer) of the hippocampus (Fig. 1 et al. 1990, 1993) . Other authors (Dodd et al. 1992) found Once the brains were removed from the cranium, the right hemisphere was cut into approximately 2 cm-thick blocks, which were immediately frozen on dry ice and kept at -80ºC. Coronal sections (14 µm thick) were obtained from frozen blocks of frontal cortex and hippocampus using a microtome-cryostat (Leitz 1720, Germany), thaw-mounted onto glass slides previously coated with APTS and kept at -20ºC until use. Experiments were run following a matched-pair design so that each pair included sections from one alcoholic brain and its matched control. Quantitative receptor autoradiography for NMDA receptor binding.
Incubation with [
3 H]MK-801 was performed as described previously (Gulya et al., 1991) . For each brain block, three consecutive sections were used, two for the determination of total binding and one for the nonspecific binding. Slide- 
Subject clinical data
Covariance analysis of our data indicated that consumption low doses of benzodiazepines at night for sleeping disturbances reported for two cases, had no influence on binding data. According to this analysis there was an effect of sudden death on the statistical results which would need to be further confirmed.
Alcohol abstinence:
Several studies have shown that chronic ethanol ingestion produces increases in MK-801 binding to NMDA receptors in rat brain, and that the persistence of changes in MK-801 binding runs in parallel with the time-course for ethanol withdrawal seizure susceptibility, usually 24 hours (Gulya et al. 1991) . In contrast, the human timing for the development of clinical withdrawal is more prolonged. The clinical manifestations can begin in a period between few hours and two days after alcohol cessation and then increment during the next days, when the patient can suffer severe symptomatology such as delirium tremens (MacKeon et al. 2008 ). Due to these chronologic differences between human and rodents, we considered alcohol consumers as non-abstinents when they had ingested alcohol less than 12 h before death, since it is unlikely that they
